Objective: This study examined a possible association of dietary exposure to polybrominated biphenyls (PBBs), a brominated flame retardant, and self-reported abnormal Pap test results and cervical dysplasia as a precursor to cervical cancer. Methods: Women in Michigan who ingested contaminated poultry, beef, and dairy products in the early 1970s were enrolled in a population-based cohort study in Michigan. Serum PBB and serum polychlorinated biphenyl (PCB) concentrations were measured. Reproductive history and health information, including Pap test results, were self-reported by participants. Results: Of the women, 23% (223 of 956) reported an abnormal Pap test. In unadjusted analyses, self-reporting an abnormal Pap test was associated with younger age, current smoking (hazard ratio [HR] 1.61, 95% confidence interval [CI] 1.19-2.17), and longer duration of lifetime use of oral contraceptives ( ‡ 10 years; HR 1.92, 95% CI 1.21-3.06). When adjusting for PCB exposure, age at the interview, and smoking history, there was a slightly elevated risk of self-reporting an abnormal Pap test among the highly exposed women compared to women with nondetectable PBB concentrations (PBB ‡ 13 lg/L, HR 1.23, 95% CI 0.74-2.06); however, the CI was imprecise. When breastfeeding duration after the initial PBB measurement was taken into account, there was a reduced risk of self-reporting an abnormal Pap test among the highly exposed women who breastfed for ‡ 12 months (HR 0.41, 95% CI 0.06-3.03; referent group: women with nondetectable PBB concentrations who did not breastfeed).
Introduction
I n 1973, a brominated flame retardant containing polybrominated biphenyls (PBBs) was accidentally mixed with livestock feed on Michigan farms. In the months that followed (1973) (1974) , many Michigan residents unknowingly ate poultry, beef, and dairy products contaminated with high concentrations of PBBs. The Michigan Department of Community Health established a registry of exposed individuals in 1976 to study possible health effects from this agricultural accident. 1, 2 This cohort provides a unique opportunity to examine important health outcomes related to PBB exposure. A variety of reproductive health outcomes have been examined among women who were born before the PBB incident occurred (before July 1973) and who were likely to have dietary exposure to PBBs. [3] [4] [5] [6] [7] PBBs belong to a family of structurally similar chemicals known as polyhalogenated aromatic hydrocarbons, which also includes polychlorinated biphenyls (PCB), dioxins, and furans. PBBs, manufactured chemicals added to electrical devices and plastics, were discontinued in the United States in the late 1970s, although structurally similar brominated flame retardants continue to be produced. 8, 9 PBBs are stable persistent pollutants, with half-lives of 11-29 years depending on the initial level of exposure. 10, 11 Like PBBs, PCBs are lipophilic and can remain in the body for many years. 12 Although the United States stopped the manufacture of PCBs in the 1970s based on evidence of their persistence and toxicity, the general population is still exposed through diet, mainly fish. Examining the long-term health effects of PBBs, PCBs, and other similar chemicals remains an important and relevant clinical and public health issue.
The Papanicolaou (Pap) test aims to identify cervical dysplasia, a precursor to cervical cancer, by sampling cells from the transformation zone of the cervix. 13 Because environmental pollutants have been suspected as possible cofactors for the development of cervical cancer, we hypothesize that women with PBB or PCB exposure may be at an increased risk of having Pap test abnormalities, which may be caused by a direct carcinogenic effect. Although human papillomavirus (HPV) is central to the development of cervical dyplasia and cervical cancer, infection with HPV alone is not sufficient to cause cancer, as most HPV infections are transient. 14 It is possible that exposure to PBB or PCB might modify the local response to HPV infection. Furthermore, PBB exposure has been shown to cause immunosuppression in laboratory animals 15 ; immunosuppression resulting from such conditions as systemic lupus erythematosus 16 and AIDS 17 is associated with an increased risk of cervical dysplasia and cancer. Because of their role as potential endocrine disruptors, PBBs or PCBs might induce dysplastic changes in squamous or glandular cells of the ectocervix or endocervix and might affect the transformation zone where cells are sampled for Pap tests and where cervical cancers arise.
In this study, we explore whether established risk factors of cervical cancer 18, 19 (e.g., smoking, long-term use of oral contraceptives, high parity, and young age at first full-term pregnancy) are consistent or associated with abnormal Pap tests. In addition, we examine a possible association of PBB exposure and self-reported Pap test abnormalities. As PCB concentrations were measured in this cohort, we also examine a possible association of PCB exposure and Pap test abnormalities.
Materials and Methods

Study population
The Michigan Department of Community Health began enrolling individuals into the Michigan Long-Term PBB Study during 1976-1978. Participants either resided on farms that had been quarantined or had consumed food products produced from quarantined farms. An enrollment questionnaire (1976) (1977) (1978) solicited a detailed medical history, reproductive history, and information on lifestyle and exposures. Most participants also provided a serum sample.
The Female Health Study, a collaboration between Emory University and Michigan Department of Community Health, was designed to investigate reproductive and endocrine outcomes among female participants of the Michigan Long-Term PBB Study. Women were invited to participate in a telephone interview in 1997-1998. Of the 1530 women eligible for participation, 88 (6%) could not be located, 9 (0.6%) were deceased, and 8 (0.5%) were too ill to participate in the study. Of the remaining 1425 women, 1185 (83%) agreed to participate in the study, and of those, 1046 provided at least one serum sample since 1976, and 1005 were exposed to PBB through diet (n = 41 women exposed to PBB in utero were excluded).The Institutional Review Boards at Emory University and the Michigan Department of Community Health approved the protocols, and participants gave written informed consent.
Exposure assessment
Participants were exposed to a mixture of PBBs that contained mostly PBB-153 or 2,2¢4,4¢5,5¢-hexabromobiphenyl (60% of the mixture). 8 Serum samples were collected at enrollment into the cohort (1976) (1977) (1978) and analyzed by the Michigan Department of Community Health Bureau of Laboratories. PBBs were detected and quantitated using gas chromatography, with electron capture detection. 20 Serum was analyzed for PCB exposure as Aroclor 1254, using a similar analytic method as that for PBB. The limit of detection (LOD) was 1.0 lg/L for the PBB serum samples and 5.0 lg/L for the PCB serum samples. Serum PBB and PCB measurements were collected from nonfasting women and were not adjusted for serum lipid levels.
Outcome assessment
Self-reported information about a woman's Pap test history was collected during the telephone interviews described. Women were asked a series of related questions: (1) Have you ever had a Pap smear? (2) When was your most recent Pap smear screening test (within the last year, past 2 years, past 3 years, or more than 3 years ago)? (3) Have you ever had an abnormal Pap smear? (4) How many times have you had an abnormal Pap smear result? (5) How old were you when you had each abnormal Pap smear result? (6) Was any procedure or treatment performed because of this abnormal Pap smear? Based on the responses, we restricted our sample of 1005 by excluding those who either refused (n = 2) or answered no (n = 12) to question (1); answered don't know (n = 5) to question (3); or had an abnormal Pap test of unknown dates (n = 9) or before the PBB exposure period (n = 21). After exclusions, the final sample size was 956.
Verification of abnormal Pap tests
To confirm Pap test abnormalities, we sent medical record consent forms to women who reported having an abnormal Pap test during the interview (n = 223). We requested Pap test reports, colposcopy reports, and biopsy and histology records from their physicians. Thirty-one women (14%) could not be contacted to obtain consent for medical record release, 36 women (16%) did not provide consent, 39 (17%) had medical records that were unavailable or incomplete, and 10 (4%) had no record of an abnormal Pap test, according to their physician. Medical records for the 105 remaining women were received and reviewed by an obstetrician/gynecologist (D.J.J.).
Statistical analyses
PBB and PCB exposure was based on the initial serum sample collected at enrollment (mostly during 1976-1979). Because of their skewed distributions, we categorized exposures into three groups using the distribution of serum levels among the women who self-reported an abnormal Pap test: < LOD ( < 1 lg/L for PBB and < 5 lg/L for PCB), ‡ LOD up to the median value (3 lg/L for PBB and 7 lg/L for PCB), and ‡ the median. To capture the highly exposed women, we categorized exposures as < LOD, up to the 90th percentile (13 lg/L for PBB and 11 lg/L for PCB), and ‡ the 90th percentile of exposure.
We performed survival analysis techniques to account for censoring and time-varying risk factors collected during the interviews. We examined the risk of self-reporting an abnormal Pap test and determined if risk varied by exposure or risk factors. We analyzed Kaplan-Meier curves and unadjusted hazard ratios (HRs) with the outcome and assessed the proportional hazards assumption by examination of log-log survival curves. In multivariable analyses, we performed extended Cox models to allow for time-dependent covariates. We used age as the time scale 21, 22 so that participants entered the risk set at their age during the PBB exposure period (defined as age on July 1, 1973) . Women contributed person-time until the age when they self-reported an abnormal Pap test or the age when they participated in the telephone interview for women who were censored and did not report having an abnormal Pap test. To control for cohort effects or secular trends in screening, all models were stratified by birth cohort (born before 1940, 1940-1949, 1950-1959, 1960-1973) .
We assume that the risk factors for cervical cancer may be relevant and consistent for abnormal Pap tests. These risk factors were considered as potential confounders and identified from the American Cancer Society (ACS) 18 and the American College of Obstetricians and Gynecologists (ACOG) 19 guidelines.
The potential risk factors for abnormal Pap tests that were treated independent of time were categorized as follows: education level ( £ high school or some college or higher), household income ( < $35,000 or ‡ $35,000), and health insurance status (no or yes), which were used as proxies for socioeconomic status (SES); diethylstilbestrol (DES) exposure in utero (no, yes, or don't know), which was asked of women born during 1940-1971; and lifetime duration of oral contraceptive use (never, 1-5, 6-9, or ‡ 10 years). Because duration of oral contraceptive use was asked as a lifetime measure, we could not examine it as a time-dependent covariate.
We were able to treat several potential risk factors as timedependent covariates. For parity (categorized as no live births, 1-2 live births, or ‡ 3 live births), women who never had a live birth were assigned a value of 0. Otherwise, parity was assigned a value of 1 if a woman had 1-2 live births or a value of 2 if she had ‡ 3 live births before the survival time of interest (abnormal Pap test date or interview date). Age at first live birth was categorized as no live births, < 20 years, 20-24 years, or ‡ 25 years. A woman who experienced an abnormal Pap test or was interviewed (if censored) before she had her first live birth was classified as having no live births. For smoking history (categorized as never, former, or current), we used the ages when the women reported they smoked regularly (at least one cigarette a day). A never smoker was assigned a value of 0. A former or current smoker was assigned a value of 0 for any time prior to when she smoked regularly, which could then change to reflect whether she was a current smoker for the times during follow-up that she smoked regularly (assigned a value of 2) or a former smoker for the times after she had stopped smoking regularly (assigned a value of 1).
We did not have information on HPV infections, dietary factors, sexual history factors, or sexually transmitted diseases (STDs). In addition to the common ACS/ACOG risk factors, we considered several other descriptive covariates. Age at the interview and body mass index (BMI) at enrollment were time-independent covariates. Age at the interview (categorized as 24-34, 35-39, 40-49, ‡ 50 years) was considered because older age has been associated with a decreased risk for abnormal Pap tests. 23, 24 In addition, because the interview was 24 years after the PBB exposure incident, the younger ages (24-34 and 35-39) would reflect women exposed to PBB during vulnerable periods from childhood to midadolescence ( < 16 years). BMI, calculated from height and weight collected at enrollment, was used as a measure of adiposity for women who were at least 16 years of age at enrollment. BMI was based on standard classifications 25 : underweight and normal ( < 25 kg/m 2 ; a small number of women were classified as underweight, n = 29, so they were combined with the normal weight women), overweight (25-29.9 kg/m 2 ), and obese ( ‡ 30 kg/m 2 ).
We also ascertained if a woman had a history of pelvic inflammatory disease (PID) or a history of cervical cancer (no or yes). PID was included as a time-dependent covariate (categorized as no or yes) in the models, such that a woman was initially assigned a value of 0 (for no), which would change to 1 (for yes) at the age when she developed the condition.
Because lactation may reduce a woman's body burden of exposure to environmental contaminants, we examined the combined effect of PBB exposure by breastfeeding duration. Breastfeeding duration, calculated by summing all breastfeeding periods from the initial PBB measurement up to the abnormal Pap test date or interview date, was included as a time-dependent covariate and categorized as no breastfeeding, < 12 months, and ‡ 12 months.
Self-reported abnormal Pap tests were used in the main analyses. However, we performed a subanalysis limiting the women who reported abnormal Pap tests to those verified by medical records. We used serum PBB and PCB concentrations collected during the enrollment period (1976-1979) to represent peak exposure levels. In a sensitivity analysis, we excluded 19 women who had their initial serum samples taken at later times (1980s-1990s).
We examined the crude associations between potential risk factors and self-reporting an abnormal Pap test status with unadjusted HRs. We then examined the crude associations between potential risk factors and PBB exposure status using chi-square tests (exposure split as < LOD, up to median, ‡ median). We found that PCB exposure, age at the interview, and BMI at enrollment were significantly associated with PBB exposure (chi-square p £ 0.05). Women with higher PBB concentrations had higher PCB concentrations. Older women ( ‡ 40 years) were more likely to have lower PBB concentrations compared to the younger women. Women classified as overweight or obese were more likely to have lower PBB concentrations. Effect modification was assessed for interactions that were biologically plausible, which included PBB with PCB exposure, PBB with BMI at enrollment, and PBB with breastfeeding duration.
Using a backward elimination modeling strategy, covariates that were either statistically significantly associated with self-reporting an abnormal Pap test ( p < 0.05) or exhibited substantial confounding ( > 10% change in the odds ratio [OR]) or effect modification ( p < 0.05) with PBB exposure were retained in the multivariable models. All statistical analyses were performed with SAS statistical software version 9.1 (SAS Institute Inc., Cary, NC).
Results
The study included 956 women who had a mean age of 22 years during the PBB exposure period (based on age in July 1973) and had their serum PBB measurements collected at a mean age of 26 years. Overall, 23% (223 of 956) of women reported an abnormal Pap test. Women with a self-reported history of abnormal Pap tests were younger during the PBB exposure period (minimum-maximum: infancy-60 years; mean age 16 years; median age 14 years) than women who did not report having an abnormal Pap test (minimummaximum: infancy-62 years; mean age 23 years; median age 21 years). There was no difference in the median PBB concentration for women with a self-reported history of abnormal Pap tests (median 2 lg/L; minimum-maximum: not detectable-707 lg/L) and women without a self-reported history of abnormal Pap tests (median 2 lg/L; minimummaximum: not detectable-1745 lg/L). Similarly, there was no difference in the median PCB concentration for women with a self-reported history of abnormal Pap tests (median 5 lg/L; minimum-maximum: not detectable-31 lg/L) and women without a self-reported history of abnormal Pap tests (median 5 lg/L; minimum-maximum: not detectable-78 lg/L).
Of the 223 women who self-reported an abnormal Pap test after the PBB exposure period, 88 (39%) reported more than one abnormal screening. The average age at the first reported Pap test cytology results were reviewed for 105 of the 223 women ( Fig. 1 ). Two women (2%) had no Pap test abnormality documented in their medical records. Of the remaining 103 women, 93 (90%) had evidence of an abnormality in their medical records. This included 45 (43%) who were noted to have dysplasia and 41 (39%) who had atypia, and the remaining 7 women had other Pap test abnormalities (4 with abnormality not specified and 3 with cervical glandular ab-normalities). Among the 43 women with cervical biopsies, 28 (65%) had evidence of cervical intraepithelial neoplasia (CIN) on histologic study. Among the other Pap test abnormalities, 10 women had benign changes. Table 1 presents crude HRs describing characteristics of women by self-reported abnormal Pap test status. For the time-independent covariates, we found a decreased risk of self-reporting an abnormal Pap test among women who were ‡ 40 years at the interview (40-49 years: HR 0.29, 95% CI 0.14-0.60; ‡ 50 years: HR 0.11, 95% CI 0.04-0.33). This would equate to a reduced risk for women who were exposed to PBB when they were ‡ 16 years of age (the interview was 24 years after exposure). BMI at enrollment, education level, and household income at the interview were not associated with selfreporting an abnormal Pap test. Although it did not reach statistical significance, women who self-reported an abnormal Pap test were more likely to have health insurance at the interview. Eleven women born during 1940-1971 reported having been exposed to DES in utero. Among these women, there was a slightly increased risk of self-reporting an abnormal Pap test (HR 1.81, 95% CI 0.79-4.12). A longer duration of lifetime use of oral contraceptives was observed among women who self-reported an abnormal Pap test, which increased for more years used ( ‡ 10 years: HR 1.92, 95% CI 1.21-3.06). Seventeen women, who had an abnormal Pap test reported having a history of cervical cancer diagnosed within 1 year of when the abnormal Pap test occurred.
For the time-dependent covariates, the frequencies and proportions in Table 1 correspond to a woman's status at the event (abnormal Pap test date) or right censoring (interview date). Higher parity or earlier age at first live birth was not associated with self-reporting an abnormal Pap test. A greater proportion of women with self-reported abnormal Pap tests (38%) had ever smoked cigarettes compared to 28% of women who did not report an abnormal Pap test. In addition, women who were current smokers (at the event) had a significantly higher risk of reporting an abnormal Pap screening (HR 1.61, 95% CI 1.19-2.17). History of PID was not associated with self-reporting an abnormal Pap test. Breastfeeding duration was not associated with self-reporting an abnormal Pap test, ( < 1940, 1940-1949, 1950-1959, 1960-1973 although the HR for breastfeeding ‡ 12 months was slightly protective (HR 0.85, 95% CI 0.49-1.49). Table 2 gives the crude and adjusted HRs of initial PBB exposure and risk of self-reporting an abnormal Pap test. The HRs for self-reporting an abnormal Pap test did not vary greatly by PBB concentrations when split at the median levels (crude or adjusted for PCB exposure split at the median levels, age at the interview, and smoking history). In the highly exposed women, there was a slight increase in risk (PBB ‡ 13 lg/ L: HR 1.23, 95% CI 0.74-2.06) for self-reporting an abnormal Pap test compared to women with nondetectable PBB concentrations when adjusted for PCB exposure split at the 90th percentile, age at the interview, and smoking history, but the CI was imprecise. The HRs for PCB exposure (PCB ‡ 11 lg/L: HR 1.48, 95% CI 0.94-2.33) and smoking history (current smokers: HR 1.63, 95% CI 1.20-2.20) were also elevated in the adjusted PBB model for the highly exposed women.
Overall, interaction terms for PBB with BMI at enrollment and PBB with PCB exposure were not significant. For PBB and PCB exposure combined, we found an elevated risk (HR 1.46, 95% CI 0.78-2.78) for women with PBB and PCB concentra-tions ‡ median compared to women with nondetectable PBB and PCB exposure, although this was based on small numbers (PBB and PCB concentrations ‡ median, n = 148 women, 35 who self-reported an abnormal Pap test; PBB and PCB concentrations < LOD, n = 74 women, 14 who self-reported an abnormal Pap test).
The overall interaction term for PBB (when split at the median and 90th percentile) by breastfeeding duration in the adjusted models was not significant. However, when PBB exposure was split at the 90th percentile, there was a decreased risk of self-reporting an abnormal Pap test for women with high PBB exposure (PBB ‡ 13 lg/L) who breastfed for ‡ 12 months (HR 0.41, 95% CI 0.06-3.03) compared to women with nondetectable PBB levels who did not breastfeed, but the CI was imprecise (Table 3 ). Conversely, there was an elevated risk of self-reporting an abnormal Pap test for women with high PBB exposure (PBB ‡ 13 lg/L) who did not breastfeed (HR 1.43, 95% CI 0.80-2.54) compared to women with nondetectable PBB levels who did not breastfeed. This was also true for several other categories of PBB exposure and breastfeeding duration (Table 3) . , and smoking history (never, former, and current), where smoking history's treated as a timedependent covariate, and models stratified by birth cohort ( < 1940, 1940-1949, 1950-1959, 1960-1973 Models adjusted for PCB concentrations (median PCB in model 1 and 90th percentile PCB in model 2), age at the interview (24-34, 35-39, 40-49, ‡ 50 years), and smoking history (never, former, and current), where smoking history's treated as a time-dependent covariate, and models stratified by birth cohort ( < 1940, 1940-1949, 1950-1959, 1960-1973) .
We compared the characteristics of the participants who self-reported an abnormal Pap test by medical record status (received or not received) ( Table 4 ). There were no differences in their PBB or PCB exposure concentrations or other descriptive characteristics, except for history of cervical cancer. Of the women who had a history of cervical cancer, a greater proportion had medical records received.
The sensitivity analysis limiting the cases to the 93 medically verified abnormal Pap tests (excludes the 2 women whose medical records were not verified and the 10 women with benign changes) resulted in similar HRs that were in some cases of higher magnitude than those presented in Table  2 . In the model (adjusted for PCB exposure, age at the interview, and smoking history), there was an increase in the risk for self-reporting an abnormal Pap test among the highly exposed women (n = 85 women: HR 1.41, 95% CI 0.67-2.95) compared to women with nondetectable PBB concentrations. In addition, the analysis excluding the 19 women who had their initial serum PBB sample taken during the 1980s-1990s found minimal changes to the HRs.
Discussion
Our study, which to our knowledge is the first to explore the relationship between PBB or PCB exposure and abnormal Pap tests, has several key strengths, including a populationbased cohort design along with a well-defined window of PBB exposure. This cohort also provided a convenient opportunity to study PCB exposure among women whose PCB concentrations reflect those found in the general population. 26 Our study has several limitations. First, for our outcome variable, we relied on self-reported Pap test results, and there is some suggestion that women may overreport their Pap screening history. 27 For women who self-reported an abnormal Pap test in our study and had medical records available, the majority ( > 90%) had evidence of an abnormality on medical record review. However, a large proportion (53%) did not have medical records available. We considered risk factors for cervical cancer 18, 19 to determine if they were consistent with the reporting of an abnormal Pap test. We were limited in that several of the risk factors were captured either as of the interview date and not before their Pap test history (e.g., education, income, or health insurance) or as a lifetime measure (for duration of oral contraceptives). We found consistent associations for history of smoking and longer years of oral contraceptive use. For duration of oral contraceptive use, however, we did not ask women when they used oral contraceptives in relation to when they reported their Pap tests. Women who reported a history of DES exposure in utero appeared to have increased risk, but this was limited because of small numbers (n = 11 reported yes). Further, a number of women (n = 194, 28%) did not know if they had a history of DES exposure in utero, which is a possible source of misclassification. We did not find consistent associations for parity ( ‡ 3 live births) or age at first live birth (younger age) when they occurred before the abnormal Pap test date or interview date. Further, we did not have information on HPV infections, dietary factors, sexual history factors, or STDs.
When we explored a possible effect modification of PBB exposure by breastfeeding duration, the results suggested a reduced risk of self-reporting an abnormal Pap test among the highly exposed women who breastfed for ‡ 12 months. This seems plausible, as lactation may reduce a woman's body burden of exposure. The risk of self-reporting an abnormal Pap test was elevated in the highly exposed women who did not breastfeed.
Although we reviewed medical records to confirm self-reported abnormalities, we did not review the medical records of women who did not report an abnormal Pap test. In a small study conducted in Australia, among the 82 women who selfreported a normal Pap test, 9 (11%) had abnormal results documented in their medical records. 28 Second, as some of the Pap test reports were prior to the adoption of the initial Bethesda system, 29 current standard terminology was not consistently used in those medical records. However, the obstetrician/gynecologist (D.J.J.) reviewing the medical records was able to use the descriptions found in the medical records to classify these Pap tests into the categories used in this study. Lastly, it is possible that our null findings are due to our small sample size rather than a true lack of effect. There were 98 highly exposed women (top 10%) for PBB (n = 26 who self-reported an abnormal Pap test) and 104 highly exposed women for PCB (n = 27 who self-reported an abnormal Pap test). When considering the highly exposed women, the HRs for PBB or PCB exposure were increased (1.23 and 1.48, respectively), but the CIs included the null value.
For the current study, we examined risk of cervical dysplasia, a precursor to cervical cancer. However, it is important to note that because most HPV infections are transient, 14 cytologic manifestions of active HPV infection (i.e., abnormal Pap tests) often regress. This means that most women infected with HPV do not develop cervical cancer; the two factors most closely linked to development of cervical cancer are persistence of HPV infection and infection with high-risk types. 30, 31 Therefore, the risk factors for women who develop abnormal Pap tests may be different from those for the subset of women who develop cervical cancer.
Because long-term exposure to PBBs and PCBs in animals has been associated with neoplasias, 32 we wanted to evaluate a potential carcinogenic effect. For example, as PBB can cause immunosuppression 15 and immunosuppression can increase the risk of cervical cancer, 16, 17 it is possible that PBB exposure might include the development of cervical cancer via immunotoxicity. In addition, because polyhalogenated aromatic hydrocarbons have been shown to disrupt endocrine function, 33 the question has been raised of whether they can affect the reproductive system. In this Michigan cohort, prior analyses of women exposed to PBB through diet have not found associations of PBB or PCB exposure with risk of spontaneous abortion, 4 time of menopause, 5 or benign breast disease. 6 In the Davis et al. study, 7 no overall association was found between PBB concentrations and menstrual function; however, the study suggested that PBB exposure may impact menstrual function among a subset of women who had recently lost weight. There was an increased incidence of endometriosis among women in this cohort with moderate and high PCB levels compared to women with low PCB levels; however, PBB exposure was not associated with endometriosis. 3 In this study, we found that younger women were more likely to report a history of an abnormal Pap test. This may reflect the high prevalence of HPV and cervical dysplasia among younger women. 34 Most HPV infections are transient, however, particularly in younger women. 14 Once infected, older women are more likely to have persistent HPV infections and, therefore, are at increased risk of cervical dysplasia and cancer. Therefore, it will be critical to continue to follow this cohort of exposed women, as the highest incidence of cervical cancer is among women in their late 40s. 35 In addition, since the advent of the HPV vaccine, future studies of cervical dysplasia will need to incorporate vaccination information into their design. 31 Finally, although the current study includes women who had dietary exposure to PBBs, future research may consider the Pap test history of daughters who were exposed to PBBs in utero and through breastfeeding.
Conclusions
Consistent with other studies, 23, 24, 36, 37 we found associations between risk of reporting an abnormal Pap test and younger age, history of smoking, and a long history of oral contraceptive use. Our results do not indicate significant associations between risk of reporting an abnormal Pap test and PBB or PCB exposure. However, the nonsignificant but elevated HRs with higher exposure levels do not rule out the possibility that there may be an association that we were unable to detect, given the small number of women with highlevel exposures. The type of high-level PBB exposure that occurred in Michigan is extremely unusual, but exposures to lower levels of similar chemicals are not uncommon. Therefore, it is critical that reproductive health consequences from this class of chemicals be evaluated further.
